The aim of this study is to analyze the effect of quality of opposition and game period, considered independently and interactively, on team performance in offensive sequences ending in a shot on goal by a Portuguese professional association football team. A total of 155 offensive sequences were sampled from ten matches involving a team from the Portuguese Premier League during the 2009-2010 season. The team's offensive performance was examined using notation and time-motion analysis. The observation system, composed of 14 performance indicators, was developed to record the team's offensive performance. Data were collected using Match Vision, TACTO and MATLAB software, and analyzed using descriptive statistical methods, two-way ANOVA and log-linear modeling. The results reveal the significant effect of quality of opposition on game situations in which shots were made (p ≤ 0.05), a numerical relationship between attack and defense players (p ≤ 0.05) and in the distance covered by players (p ≤ 0.05); game period had a significant effect on the length of offensive actions (p ≤ 0.05) and the distance covered by players (p ≤ 0.05). No interactive effect of quality of opposition and game period on offensive performance indicators was found. These findings suggest that team offensive play in sequences ending in a shot on goal are influenced by situational variables. Further research should focus on the independent and interactive effects of match context on the spatial-temporal variables that describe players' offensive and defensive behavior in different stages of a game.
INTRODUCTION
Most studies that analyze team offensive performance have focused on scoring situations and patterns of play leading to a shot on goal [1] [2] [3] . However, these situations have often been examined without taking into account the specific characteristics of a given match, which may affect the tactical options available to teams, in terms of both attack and defense [4] .
Previous studies have reported the importance of considering situational variables (for example, quality of opposition, match location, match status and game period) in performance assessment in football [5] [6] [7] [8] [9] . It has been shown that the performance of football teams varies according to the level of quality of the opponents [10, 11] and that teams use different strategies when winning, drawing and losing [4, 9] . Furthermore, it has been demonstrated [12] [13] [14] that team performance during some periods of a match may have a greater impact on the outcome of the game.
Several studies have suggested the influence of the quality of opponents, match location and match status on the following performance indicators in elite football: (i) the total number of shots made and received [10] ; (ii) strategies of ball possession (analyzed in accordance with time [6] and occupied field zones [6] ); (iii) physical performance during a match (activity profiles and distances covered at various speeds) [13, 14] ; and (iv) frequency and types of players' technical actions [9] . [6] . For instance, Lago [6] reported that each unit of distance in end-of-season ranking between competing teams increased/decreased the team's possession by 0.2%. No significant effect of opponent quality was identified on the zones occupied by a team during ball possession (defensive, intermediate and offensive zones).
The findings of Rampini, Impellizzeri, Castagna et al. [14] suggested an increase in the physical performance intensity of top-level professional players when playing against stronger opponents. The analysis of the interactive effects of quality of opposition and match location on distance covered at various speeds in elite Spanish football showed that greater distances were covered with low intensity by home teams in comparison with away teams in matches played against stronger opponents [13] . Analysis of team possession based on evolving match status has also confirmed the significant effect of score-line on team offensive strategies. O'Donoghue and Tenga [7] , James, Mellalieu and Holley [15] , Bloomfield, Polman and O'Donoghue [16] and Lago [6] observed that teams enjoyed longer periods of ball possession when they were losing. Taylor, Mellalieu, James et al. [8] reported that when drawing and losing, the British team observed in the case study in question made less successful shots in comparison with when they were winning. An increasing of number of ball interceptions and clearances was also recorded, as well as a decrease in dribbling and passing in winning situations.
Although game period has been suggested as one of the factors that influences team performance [12, 13, 17] , studies involving notation analysis have paid relatively little attention to this situational variable. Studies that involved game period analysis have predominantly focused on score evolution during matches. Some researchers that examined whether the number of goals scored was related to game period have reported ambiguous results [18, 19] . Abt The importance of considering the independent and interactive effects of situational variables on the behavioral level of performance in football was demonstrated by Taylor et al. [9] . The authors reported variations of the frequency, types and outcomes of players' technical actions as a function of match location, quality of opposition, and match status, analyzed independently and interactively for forty matches played by a professional British football team in the 2002-03 and 2003-04 seasons [9] . The findings in this case study highlighted the greater impact of match context on the occurrence of certain technical actions rather than on their outcomes. The case study design of this piece of research was described by the authors as more detailed than approaches based on the aggregate data traditionally used in notational analysis in football. According to Taylor et al. [9] , the case study allows us to focus on the specific technical and tactical aspects of a team's performance and contributes towards the more precise identification of factors that influence the strengths and weaknesses of a team in different competitive contexts.
Despite the fact that the importance of considering the situational variables on the assessment of tactical and physical performance in football has been highlighted in different studies [4, 6, 8, 13, 14] no research has investigated the impact of these variables on the team behavior in the situations that lead to a shot on goal. Furthermore, the literature analyzing this specific question does not include any studies involving the spatial-temporal analysis of player performance in offensive sequences ending in a shot on goal and its relationship with situational variables. The identification of the actions and attitudes that lead to offensive success in different competitive contexts may contribute to a better understanding of the key factors that influence performance in football. This is knowledge which is of crucial importance for guiding a team during a game, and also for organizing the training process in a more efficient way.
Based on existing research, the aim of this case study is to analyze the independent and interactive effects of two situational variables -quality of opposition and game period -on team performance in the offensive sequences ending in a shot on goal in matches played by a professional team in the Portuguese Premier League during the 2009-2010 season.
METHODS

Match Sample
A total of 155 offensive sequences ending in a shot on goal were selected from ten matches played by a professional team in the Portuguese Premier League during the 2009- 2010 season. All matches were played at home. A detailed description of sampled matches is presented in Table 1 .
Data Collection Procedures
Offensive sequences were recorded using two digital HD Sony Model NEX-VG20EH video cameras placed on tripods in an elevated position in the commentator's booth, transverse to the field of play. Each camera was used to film half of the field. Camera zooming rate was fixed in order to simplify motion image processing. Images were edited using Ulead Video Studio version 12.0 software and saved in AVI format.
The study was carried out in two stages. Firstly, an observational system was developed for the recording, quantification and analysis of players' actions during offensive sequences ending in a shot on goal. This system was supported by existing notational analysis literature [21] [22] [23] and included performance indicators previously used in football performance analysis research. The system incorporated 14 performance indicators (see Table 2 ) that were recorded using Match Vision Studio version 1.0 software.
The second stage of the study focused on three spatialtemporal variables describing player behavior in offensive sequences ending in a shot on goal, such as distance covered by the player, distance between players and ball and speed of the ball. Image processing was carried out using TACTO 7.0 software package [24, 25] . Ball and player trajectories were digitized at 25 Hz, in slow motion, from the start of ball possession until the kicker's foot was in contact with the ball during finalization. The movement coordinates obtained were converted into real coordinates using the direct linear transformation method (2D-DLT) and filtered using a Butterworth low pass filter (6Hz) [26] . All data were computed using MATLAB software (R2009a, MathWorks, USA), revealing velocity and distances relating to the following performance variables: speed of the ball, distance covered by attackers, and distance between attacking players and the player with ball possession. Data acquisition processes were approved by the university's human research ethics committee and authorized by the club where the present research was developed.
Quality of opposition was determined by the difference between the latest rankings of the team considered and the opponents. A k-means cluster analysis was performed to identify a cut-off value of ranking difference and classify the quality of opposition into two groups: high-ranked opponents (a difference in ranking positions from 8 to 15), and low-ranked opponent (a difference in ranking positions from -1 to 6). The game period was classified as first or second half of match.
Reliability Testing
In the first stage of the study, the reliability (intra-and inter-observer) of the observational system of player offensive actions was measured using the Kappa of Cohen coefficient. For this purpose, 21% of the sample was analyzed twice with a two-week interval [27] . Kappa values ranged from 0.85 to 1 for all variables, that is, above the reference value (0.75), indicated in the literature, thus ensuring a good level of intra-and inter-observer reliability.
In the second stage of the study, the reliability of data related to ball and player trajectories was assessed using technical error of measurement (TEM), relative TEM (%TEM) and coefficient of reliability (R) statistics, respectively [28] . Seventeen of the total number of offensive sequences subjected to data analysis were randomly selected and ball and attacking-player data trajectories were redigitized by the same experimenter. TEM yielded values of 0.159 meters (4.0%) and 0.180 meters (5.0%) for players and the ball, respectively. The coefficient of reliability showed a good level of reliability for the data recorded for the players (R=0.98) and ball (R=0.97).
Data Analysis
During the first stage of the study, log-linear modeling was used to analyze the independent and interactive effects of the quality of opposition and game period on the frequency of offensive performance indicators. Following the cross-tabulation of situational and performance variables, the data were examined to ensure that sample size and the size of expected frequencies were in accordance with assumptions made for log-linear modeling. All variables were independent, and the dependent variable was the log of the number of cases in a cell of multiway cross-tabulation. Statistical procedures were carried out using IBM SPSS software for Windows®, version 20.0. Starting with the saturated model within hierarchical log-linear analysis, backwards elimination was applied in order to remove non-significant threeway and two-way interactions between variables using a statistical significance cut-off of 0.05. After this step, parameters were estimated for each main and interaction term retained within the model.
In the second stage of the study, descriptive analyses (mean and standard deviation) were carried out in order to characterize spatial-temporal variables. The normal distribution of the data was verified using the Kolmogorov-Smirnov test and the homogeneity of variances was ensured by carrying out Levene's test. Two-way ANOVA analysis was performed to evaluate the effects of the quality of opposition and game period on spatial-temporal variables (speed of the ball, distance covered by players and distance between the player and the ball) calculated on the basis of player and ball coordinates.
RESULTS
Log-linear modeling did not show any significant interactive effect of the situational variables (quality opposition*game period) on performance indicators in the offensive sequences ending in a shot on goal. The main effect of the quality of opposition was verified on game situation and numerical relationship: attack-defense and a significant main effect was found for game period only on the length of offensive actions (see Table 3 ). Other performance indicators (ball-possession recovery sector, number of players, number of field side changes, number of passes, end of offensive sequence and shoot area) did not show any situational variables effect. For these indicators, models consisted of a constant, and parameters related to situational variables were not estimated.
Using the parameters estimated (see Table 4 ), when the team played against high-ranked opposition a significantly higher number of shots were made from a free play situation rather than from set play (for example, throw-in, corner kick, indirect free kick, direct free kick, penalty kick, droppedball). In matches against stronger opposition, the team made a significantly higher number of shots when in a position of numerical equality or superiority. In the first half of match, the team made significantly fewer shots in offensive sequences with a duration of six to eleven seconds, in comparison with the second half.
Two-way ANOVA analysis did not reveal any significant interactive effects of quality of opposition or game period on the spatial-temporal variables that were used to describe player behavior in offensive sequences ending in a shot on goal. There was a significant main effect of quality of opposition on speed of the ball (p ≤ 0.05). In matches against high-ranked and low-ranked opponents, the average speed of the ball was significantly higher (see Table 5 ). There was no significantly difference between matches played against highranked and low-ranked opponents for distance covered by players and distance of players from the ball. The distances covered by players in offensive sequences ending in a shot on goal during the first and second half were significantly different (p ≤ 0.05). No significant main effect of game period was observed on speed of the ball and distance of players from the ball in offensive sequences ending in a shot on goal.
DISCUSSION
The aim of this study is to identify the independent and interactive effects of two situational variables (quality of opposition and game period) on team performance in offensive sequences ending in a shot on goal in matches involving a Portuguese professional football team.
Our findings do not completely support suggestions made in previous studies that emphasized the significant interactive effects of situational variables of team performance in elite football [6, 16] . The results of this study point only to an independent effect of quality of opposition and game pe- riod on offensive team performance, which could be explained by case design and the small number of situational variables considered in the analysis.
For example, the small number of shots made from set plays when the team played against stronger opponents could indicate better performance of the observed team in open play or resulted from the good defensive organization of high-ranked teams, which do not allow their opponents many opportunities for making shots as a result of set plays (e.g. corner-kicks, free kicks, penalties and throw-ins).
These results differ from the findings of Taylor et al. [9] that reported no significant effect of situational variables on the incidence of behaviors related to set plays. According to Acar et al. [21] , Armatas et al. [17] , Grant, Williams and Reilly [29] and Kirkendall, Dowd and DiCicco [30] in modern elite football 29-37% of goals are scored as a consequence of set plays such as corner-kicks, penalties, freekicks and throw-ins. Thus, further research should distinguish between different game situations (open play vs set plays) in order to make analysis more precise and more useful for coaches and sport analysts [4, 9] .
Our data suggest that the numerical superiority or equality of the offensive team when playing against strong opponents is an important factor influencing the creation of opportunities for shooting. Therefore, the assessment of opponent interactions is crucial to evaluate the effectiveness of offensive actions and improve the validity of performance analysis [31] .
The significant effect of game period on the length of offensive actions indicates that teams perform significantly fewer direct plays (offensive sequences with a duration of six to eleven seconds) in the first half of matches. One reason could be that players consider rapid movements with the ball to involve risk and are therefore attempt less such actions during the first half, when the match result is not yet decided [12] . In order to obtain more reliable results regarding the effect of game period on team performance, in future analyses, splitting of game time into shorter time intervals (for example, six periods of fifteen minutes each or the specific time period since the last change of match status) should be considered [9, 20] .
The novelty of this study was to analyze the spatialtemporal variables that characterize the offensive teams´ performance according to the match context. One of the most important requirements for the creation of shooting opportunities is the high speed of ball movement and player movement in areas close to the goal of the opposing team [21] . The results of spatial-temporal analysis suggest that a stronger opposition obliges the offensive team to act faster in order to create shooting opportunities. However, the team did not cover greater distances in sequences ending in a shot on goal. Our results are similar to the findings reported by Rampini, Impellizzeri, Castagna et al. [14] , who examined the influence of situational variables on the match performance of top-level footballers and found that their performance was influenced by the activity profile of the opposing team. The level of intensity of displacement during matches was higher when teams played against stronger opponents.
The analysis of the average distance covered by players during offensive sequences ending in a shot on goal did not demonstrate significant differences regarding quality of opposition. These results contradict the findings of some authors [13, 32] who recorded greater distances covered by players in matches played against better teams. This discrepancy may be explained by differences in data collection. In the present study, the distance covered by players was recorded only for offensive sequences ending in a shot on goal, and not for the total distance covered by players during matches [13, 32] .
In accordance with our findings, in the second half of matches players covered shorter distances in the sequences ending in a shot on goal as compared with the first half. Several studies have reported a decrease in physical performance in the second half of matches. Some of them have explained this due to physical fatigue [14, [33] [34] [35] , but recent research [13, 36] has shown that match location, quality of opposition and match status also influence player activity during matches. For instance, Carling [12] reported that total distance run did not differ between halves but varied over the course of matches, decreasing just before half-time. This result suggests that distance covered is not affected by gamerelated fatigue. Di Salvo, Gregson, Atkinson et al. [36] demonstrated that positional differences in high-intensity activity as well as the observed change in activity throughout the game were influenced by team success (p<0.05).
Differences in style of play depend on the characteristics of the team and the opponents, and are influenced by team strategy selected for a given match. Lack of data regarding match status variable did not allow for the inclusion of scoreline in our analysis, but this information is essential for an understanding of a team's tactical options in terms of ball management.
CONCLUSION
Our main findings indicate that team strategies in the creation of shooting opportunities are influenced by the quality of opposition and game period. These variables demonstrate only independent effects on team offensive performance, revealing several changes in team strategy as a response to the specific match situation. Although the offensive patterns observed in this study refer to one particular team, our findings may contribute towards providing a better understanding the behavior of elite footballers in offensive sequences ending in a shot on goal in different match contexts, and thus may help coaches to organize training processes in accordance with the demands of specific competition situations.
